The term "millets" is used to identify several genera of grasses (Poaceae), most of which belong to the subfamily Panicoideae. Millets are one of the major food sources in arid and semi-arid areas of the world and they have been important crops in the prehistory of Africa and Eurasia. In this paper, we discuss phytoliths and starch grains from two of the less studied major millets (Pennisetum glaucum and Sorghum bicolor) as well as from some small millet species that are not normally considered of much importance (so-called forgotten millets: Digitaria ciliaris, Echinochloa colona, Echinochloa frumentacea, Brachiaria ramosa, Setaria pumila and Setaria verticillata). The preliminary results of this study on phytolith morphology, both at single and joined (silica skeletons) morphotypes, and starch grains show great potentials for the identification of different genus or species on the basis of microremains.
Introduction
Millets are one of the major food sources in arid and semiarid areas of the world. The term "millets" is used to identify several genera of grasses (Poaceae), most of which belong to the subfamily Panicoideae, with the notable exception of finger millet (Eleusine coracana (L.) Gaertn.) and teff (Eragrostis tef (Zucc.) Trotter), which belong to the Chloridoideae. The most commonly cultivated species are broomcorn millet (Panicum miliaceum L.), foxtail millet (Setaria italica (L.) P. Beauv.), pearl millet (Pennisetum glaucum (L.) R. Br.), finger millet and sorghum (Sorghum bicolor (L.) Moench.). Broomcorn and foxtail millet are relatively common in the archaeobotanical record of Asia and Europe and have received much attention over the past years (Austin 2006; Crawford 2009; Fujita et al. 1996; Hu et al. 2008; Hunt et al. 2008; Jacob et al. 2008a Jacob et al. , 2008b Li etmillet (Digitaria exilis Stapf.) . A few more species, notably teff and Job's tears (Coix lacrima-jobi L.), are sometimes considered part of the millets group. All these species are widely used across Africa, Asia and Europe as food and fodder or as secondary crop products.
Archaeologically, millet macro-remains (charred seeds) present two main problems for their recovery and identification: one depositional and one post-depositional. Carbonisation is necessary for the preservation of the grains. Even when carbonisation takes place, it needs to be within a set of temperature and oxidation conditions for the grains to be preserved; indeed, millet charring conditions are more restrictive when compared with other cereals (Märkle and Rösch 2008; Yang et al. 2011) . Secondly, the millet small grain size makes the recovery difficult, even when a systematic flotation strategy is set in place. Adding to these preservation and recovery drawbacks, charred millet grains of some species are difficult to set apart, for instance domestic S. italica and the weed B. ramosa (Fuller 2006) . Therefore, the archaeobotanical record is currently very scarce (for Africa, see for example, van der Veen 1999 and references therein; for Asia in general, see Weber and Fuller 2008 and references therein and Fuller 2006 Fuller et al. 2007) .
Plant microremains or plant microfossils are an array of microscopic plant remnants such as phytoliths, starch grains, pollen grains, fibres, druses and other crystalline deposits. In this paper, when we discuss microremains we intend specifically and only phytoliths and starch grains because these are the fossils that offer more solid bases for investigating dietary and economic significance of plants. This is especially true for those taxa where preservation (e.g. preservation of diagnostic parts, processing procedures, soft tissues, etc.) or recovery (e.g. seeds of small dimensions) might be an issue. The dietary and economic implications of phytoliths and starch grains are made possible by:
1. The vast amount of information from modern reference collections, which offer the possibility of identifying plant taxa as well as the plant different organs (for phytoliths, see Madella 2007 and Out and Madella 2013 ; for starch, see for example Ge et al. 2010 and Yang et al. 2012b ); 2. The high preservation rate in a varied range of archaeological deposits (Madella and Lancelotti 2012; Torrence 2006 , Table 1 ); 3. The possibility of identifying both crop processing and cooking procedures (e.g. Crowther 2012; Harvey and Fuller 2005; Henry et al. 2009 ); 4. The direct dietary evidence from human dental calculus (Fox et al. 1994 (Fox et al. , 1996 Hardy et al. 2009 Hardy et al. , 2012 Henry 2012; Henry and Piperno 2008; Henry et al. 2011; Piperno and Dillehay 2008) or indirect evidence from tools (e.g. Aranguren et al. 2007; García-Granero 2011; Kashyap and Weber 2010; Nadel et al. 2012; Radomski and Neumann 2011) .
Size, shape and other features of starch granules can be diagnostic of the plant species in which they occur (ICSN 2011; Reichart 1913; Torrence 2006) . Two main forms of starch are produced: transitory and storage starch. Transitory starch originates in leaves and it has very diminutive size (<5 μm) with little or none taxonomical information. For this reason, this type of starch has not received much attention in archaeology (Haslam 2004) . Storage starch is deposited in plant storage organs, which are often consumed by humans (e.g. roots, tubers, fruits and seeds), and therefore it is valuable for studying the vegetal component of the diet (Torrence 2006) . Phytoliths can have high taxonomic significance and are formed in the epidermal tissues of many plants of economic importance. Phytoliths and starch grains have been widely used to distinguish among different species of major cereals such as wheat, barley, rice or maize (Babot and Apella 2003; Ball et al. 1999 Ball et al. , 2009 Dickau et al. 2007; Gu et al. 2013; Pearsall et al. 2004; Piperno 1984; Piperno and Pearsall 1993; Zarrillo et al. 2008) . The analysis of phytolith assemblages has been shown to be useful to understand the consumption of both wild and domestic cereals, and has often been applied to the study of plant domestication processes (Albert and Henry 2004; Ranere et al. 2009; Rosen and Weiner 1994) . However, it is only during the last few years that scholars have explored the possibilities offered by the analysis of millets microbotanical proxies. In millets, species of Setaria and Panicum have received much attention due to their major economic role in the prehistory of Eurasia. The recent study of reference material offered the possibility of identifying the differences existing between husk (glume, lemma and palea) phytoliths of S. italica and P. miliaceum (Lu et al 2005 (Lu et al , 2009a (Lu et al , 2009b , and of S. italica and Setaria viridis (Zhang et al. 2011 ). Radomski and Neumann (2011) also investigated inflorescence phytoliths from West African grasses, including Pennisetum, Sorghum and Digitaria species. Finally, Tripathi et al. (2012a, b) studied the differences in phytoliths of sorghum and Johnson grass (Sorghum halepense (L.) Pers.) and the variability within pearl millet.
Krishna Kumari and Thayumanavan (1998), Mercader (2009) and Ge et al. (2010) carried out the first morphological analyses of starch grains of millets, while further studies come from Yang et al. (2012b) . This morphometric analysis of starch grains from seven species from the genus Setaria and two species from the genus Panicum concluded that morphological features, rather than size, are the clue to identify and distinguish starch grains within these genera (Yang et al. 2012b ).
Despite these important achievements over the past decade, the study of microbotanical remains of millets requires far more attention. Where phytoliths are concerned, only husk phytoliths have been considered so far and the analysis of phytoliths from other parts of the plants, such as the leaves and the culm, is essential for the understanding of past economic practices (e.g. Out and Madella 2013). Moreover, many millet species remain poorly investigated. Genera such as Echinochloa or Digitaria have received little or no attention despite their main role in regional economies. The study of these and other millet species can provide important clues about the use past use of small cereals, as well as their possible applications for future sustainable agriculture.
This study aims at exploring the potentials of taxonomic and anatomical variability at intra-and inter-specific level and to set the basis for morphometric analyses. We propose a preliminary approach on a first-level, systematic method to draw attention to a set of characteristics, in both inflorescence phytoliths and starch, which can be used to identify microremains from millets. We focus on the less studied of the major millets (P. glaucum and S. bicolor) as well as on some species that are not normally considered of much economic importance (so-called forgotten millets-see for instance Weber and Fuller 2008) . The main reason for choosing these species lies in the gap of information created by the intensity of studies focused on few selected taxa. We consider that, for example, Pennisetum sp. and sorghum have been understudied in respect to the importance they hold today and held in the past (on sorghum, see National Research Council 1996, p. 127). Furthermore, most of the species considered in the present work were examined before, as they are currently collected wild, are extremely marginal crops (e.g. famine crops) or are regarded as infesters (weeds) of other grain crops. Widening our knowledge on these species and their importance in the past can help us in reconstructing the trajectories of domestication of minor cereals, understanding the relative importance of different grain crops under distinct climatic conditions and evaluating the range of subsistence strategies available to human populations.
Materials
For this study, we considered eight species of millets within the Panicoideae subfamily (Poaceae): six small millets and two big millets (see Table 1 ). All the samples studied for the present work were grown from seeds of the National Plant Germplasm System of the United States Department of Agriculture (USDA). The plants were cultivated from June to September 2010 in Kyoto (RIHN), under a humid subtropical climate (Köppen Cfa). There is an abundant ethnobotanical literature on the use of millets, and here following, we summarise the most significant.
Eurasian origin
Digitaria ciliaris (southern crabgrass) A widely distributed tropical weed used as fodder and considered palatable (Skerman and Riveros 1990, p. 348 Echinochloa colona (jungle rice) It is used as fodder in Assam (Islam 2002) , sometimes only in times of stress (Skerman and Riveros 1990, p. 370) . Also, it is used to make hay and silage (National Research Council 1996, p. 267 ).
E. frumentacea (billion-dollar grass) It is cultivated in India, Southeast Asia and Africa as fodder and crop (Norman al. 1995, p. 87; Skerman and Riveros 1990, p. 376) . It is also used for short-term control of erosion in recently cleared and ploughed sandy soil as it grows rapidly (Skerman and Riveros 1990, p. 378) .
B. ramosa (browntop millet) A weedy species in tropical Africa and Asia, possibly originally domesticated in southern India (Weber and Fuller 2008) ; it is sometimes cultivated in India as grain and forage crop, and rarely for birdseeds (Wipff and Thomson 2003) . Urochloa (Brachiaria) sp. is reported to be used by Tonga people of Zambia during times of famines (National Research Council 1996, p. 259) .
Setaria pumila (yellow foxtail millet) It is used as fodder in the Terai Region of Uttar Pradesh, India (Khanna 2002 Setaria verticillata (Bristley foxtail millet) The possible centre of domestication of this species might be southern India (Weber and Fuller 2008) . Today, it is gathered wild for food consumption (Austin 2006) . Topnaar people of Namibia use the seeds in porridges and to brew beer (van Wyk and Gericke 2000).
African origin
S. bicolor ssp. bicolor (grain sorghum) Domestication of this species first occurred in Africa, although there is still controversy concerning its focus and the exact date, which is estimated around the sixth-fifth millennium BP (Doggett 1988 ) although archaeological material from Africa has only been dated to 800-600 BC (Rowley-Conwy 1991). The most ancient presence of S. bicolor in India comes from the northwest and dates to the third millennium BP (Fuller 2003) . The S. bicolor is the most cultivated of the three subspecies of sorghum, and it is widespread in Africa and South and Southeast Asia (Norman et al. 1995, p. 145) . Sorghum is very resistant to drought and it is used to cook porridges, brew alcoholic beverages, bake unleavened breads and, sometimes, the grain is eaten boiled in a sort of couscous (van Wyk 2005, p. 352) or popped like corn for snacks (National Research Council 1996, p. 128) . Moreover, the whole plant is used as fodder and building material, for fencing, for roof covering, for broom-making, etc.
(National Research Council 1996, p. 128), which makes this species one of the most versatile crops of the world.
P. glaucum (pearl millet)
The oldest evidence comes from Northern Ghana and is dated to early-to mid-second millennium BC (D'Andrea et al. 2001 ). However, domestication must have occurred earlier as domestic forms of this species, which is clearly of African origins, have been found in the Indian subcontinent in contexts dated to the end of the third millennium BC (Fuller 2003) . Pearl millet is the sixth largest cereal crop of the world (National Research Council 1996) and has a large potential, as it is the most droughttolerant amongst the cereals. India is the major producer of this cereal both in terms of cultivated area as well as production (Biddinger et al. 1981) . Apart from being cultivated on large scale, it is still one of the major staple crops of traditional agriculture. In India, for example, it is sown around mid-May by the Kondareddis tribe of Andhra Pradesh in a mixed cropping system (Krishna Prasad et al. 2002) . It is one of the main food crops (together with Cyamopsis tetragonoloba (L.) Taubert, Hordeum vulgare L., Capparis decidua (Forssk.) Edgew. and Zea mays L.) of the Banjara tribe of Rajasthan (Trivedi 2002 ).
Methods
Phytoliths samples were prepared and described according to the following procedure:
1. Tweezers and scalpel were used to separate the floral parts from the grains. 2. Glumes were cleaned in an ultrasonic bath to remove any dust or contaminant. 3. Glumes were soaked in bleach until they became transparent and subsequently rinsed with distilled water washes. 4. Glumes were then mounted on a microscope slide with distilled water and covered with a covering slip fixed at the four corners with transparent nail polish. With this technique, the preparations can be stored dehydrated and water can be added before further observations at the microscope. 5. Microphotographs were taken at ×630 magnifications with a Leica DM2500 microscope equipped with a Leica DFC490 camera. 6. Phytoliths morphology was described using the terminology established by the ICPN (Madella et al. 2005) . Also, in the description of long cells, the noun protuberance(s) of the sides is used to identify the "waves" of the sides as we considered it more accurate; when describing the "wavy" interlocking pattern of the silica skeletons, we used undulate. In describing epidermal long cells, the sides are here considered the longer faces of the cells that join the cells between the rows (see Fig. 1 ). The edges of long cells are the short faces that joint the cells within a row (see Fig. 1 ).
We concentrated on the glumes as they tend to be the most resilient part of the spikelet but a further development of our catalogue will focus on the lemma as they seems to receive higher (but later) silicification rates Fig. 1 Top, schematic drawing of the glumes long cells indicating the terminology used in this work. Boxes, line drawings of the glumes long cells from the eight species discussed in the text, highlighting the relationship between the main cell body and the protuberances as well as the characteristics of the edges of the cells (Sangster et al. 1983) . Starch samples were prepared and described according to the following procedure:
1. One levelled teaspoon of seeds was milled in an agate mortar. 2. The resulting powdered starch was mounted on a microscope slide with distilled water or DPX (a nonaqueous mounting medium) and covered with a covering slip. 3. Microphotographs were taken at ×630 magnifications with a Leica DM2500 microscope equipped with a Leica DFC490 camera. 4. The morphology of starch grains was described using the terminology established by the International Code for Starch Nomenclature (ICSN 2011, http:// fossilfarm.org/ICSN/Code.html, accessed November 2012). Grain size was defined according to the classes established by Lindeboom et al. (2004) : large (>25 μm), medium (10-25 μm), small (5-10 μm) and very small (<5 μm).
Results

Phytoliths
Despite the fact that only a small number of glumes (between 3 and 6) from three different specimens from the same population were analysed for each species, the interspecies (and partially the intra-species) phytolith production of the considered millets shows great diversity (Figs. 1, 2 and 3). Focusing on long cells, some characteristic traits can be identified both at single morphotypes level (on which morphometric analyses are currently undergoing) and at silica skeletons level. S. pumila It has long cells with side sinuate to lobate (some crenate) protuberances, normally of similar width/height or slightly higher than wider. The protuberances can be simple or divided. The main central body of the long cell is of similar size or greater size than the amplitude of the protuberances, with a scrobiculated surface. Cell edges are similar to sides, sinuate to tuberculate/crenate. The silica skeletons have undulate (rarely serrated) cell interlocking pattern.
D. ciliaris
S. verticillata
It has long cells with side sinuate to lobate (some crenate) protuberances, normally wider than higher or of similar width/height. The protuberances are generally simple. The main central body of the long cell is of greater size (sometime similar size) than the amplitude of the protuberances. Cell edges rounded or rarely sinuate. The silica skeletons have mostly serrated and occasionally undulate cell interlocking pattern.
S. bicolor bicolor It has long cells with serrated (few crenate) protuberances, normally of similar width/height. The protuberances are simple. The main central body of the long cell is of greater size than the amplitude of the protuberances. Cell edges truncated, rarely rounded or gently concave. The silica skeletons have distinctive serrated (orthogonal zigzagging) cell interlocking pattern.
P. glaucum It has long cells with sinuate/lobate/crenate protuberances, of variable width/height. The protuberances are very rarely branched. The main central body of the long cell is of somewhat greater or similar size than the amplitude of the protuberances with a scrobiculated surface. Cell edges are from rounded to flat to concave. The silica skeletons have serrated to undulate cell interlocking pattern. 
Starch grains
Starch grains from the species within the Panicoideae subfamily are generally polyhedral or spherical (Ge et al. 2010; Mercader 2009; Yang et al. 2012a, b) . Grain size varies widely within the Panicoids group, ranging from less than 5 μm to more than 30 μm (Ge et al. 2010) . All the species considered for this study possess polyhedral starch grains, although with varying frequencies. Moreover, the species analysed here have constantly non-lamellated grains.
D. ciliaris It has very small-to-small in size (<10 μm) grains, with a polyhedral or spherical shape and with centric, circular hilum (Fig. 2, a) .
E. colona It has very small-to-small in size (< μm) grains, with a polyhedral or spherical shape and with centric, circular hilum.
E. frumentacea It has very small-to-small in size (<10 μm) grains, with a polyhedral or spherical shape. The hilum can either be circular or have linear (Fig. 2, b) or stellate fissures.
B. ramosa It has very small-to-small in size (<10 μm) grains, with a polyhedral or spherical shape. The hilum can either be circular or have stellate or irregular fissures.
S. pumila It has very small-to-small in size (<10 μm) grains, with a polyhedral or spherical shape. The hilum can either be circular or have irregular fissures.
S. verticillata It has very small-to-small in size (<10 μm) grains, with a spherical shape, and with short lines that radiate from the centre towards the edges of the grains (Yang et al. 2012b ).
S. bicolor bicolor It has medium to big in size grains, up to 30 μm, the biggest among Panicoids (see Ge et al. 2010; Mercader 2009 ). They have polyhedral or spherical shape, with y-shaped (Fig. 3, a) or stellate (Fig. 3, b) fissures of the hilum.
P. glaucum It has small to medium-sized (up to 15 μm) grains, with a polyhedral shape. Two types of grains can be identified: those with lines radiating from the centre to the edges of the grains (Fig. 3, c) and those with a centric, circular hilum.
Discussion
Phytoliths
Phytolith morphology, both at single and joined (silica skeletons) morphotypes, and starch grains from the eight taxa on which the current study focuses show great potential for the identification of different genus and/or species on the basis of microremains. A first level of separation is that of two major groups highlighted by the general morphology of the glume phytoliths. A first group is the one with more compact long cell phytoliths with deeply incised sides (long protuberances): D. ciliaris, E. colona, E. frumentacea, B. ramosa. A second group has more elongated long cells with less extreme incisions of the sides (short protuberances) and much less (or absent) branching of the protuberances: S. pumila, S. verticilla, S. bicolor bicolor, P. glaucum.
At a second level of separation, the protuberances' morphology could help identifying lower rank groups. D. ciliaris has very distinctive glume epidermal long cells with exceptionally deep protuberances that in silica skeletons create a deeply, mostly orthogonal interlocking pattern not observed in any of the other taxa. E. colona also has long protuberances that can be sometime similar to D. ciliaris; however, the sides of these are often undulate and the interlocking pattern is definitively not orthogonal. E. frumentacea can be separated because of the even more undulate/branching protuberances giving the long cell an irregular aspect. In B. ramosa, the protuberances are less incised and very irregular. It is possible to observe a trend for the species D. ciliaris-E. colona-E. frumentacea-B. ramosa in which the protuberances become from long to short, from regular to irregular and from simple to branched/divided (see Fig. 2 ).
Long cell side patterns in S. pumila (scrobiculated surface) and S. verticillata (psilate surface) are rather similar but the protuberances of S. verticillata are more regular (Fig. 3) and, in the silica skeleton, show a low zigzagging (crenate) pattern sometime similar to S. bicolor. In this last species, however, the crenate pattern is much more evident. P. glaucum long cells are very similar to S. bicolor but the silica skeletons of P. glaucum has more rounded cell joints and the long cells have a scrobiculated surface.
Starch grains
Previous studies with modern starch material had analysed three of the species considered in this study: E. colona (Yang et al. 2012a) , S. pumila (Yang et al. 2012b ) and S. bicolor (Ge et al. 2010; Mercader 2009 ). The results from our analysis substantiate the conclusions of these studies. Small millets have very small-to-small grains, whereas the grains of P. glaucum and S. bicolor have wider diameters. An exception to this is S. verticillata, which grains can occasionally measure up to 15 μm in diameter. As stated by Yang et al. (2012b) , the key to identify starch grains of small millets is on the basis of their surface features rather than on their size. Indeed, it is possible to observe certain variability in relation to surface typology (see Figs. 2 and 3) . However, the high degree of intra-species variability examined in our samples cautions drawing definite conclusions on clear-cut separation of small millet starch grains with the current data. The size and shape of starch grains from the two big millets considered here, S. bicolor and P. glaucum, have sufficiently different morphological traits that allow easy differentiation. This is particularly relevant if we consider the rather similar morphology of the long cell phytoliths.
Conclusions
The development of a combined approach, in which phytoliths (single and silica skeletons) and starch grains are used to identify small and big millets, opens new possibilities for the archaeological detection of a very important group of grain crops. This study aimed at exploring the potentials of taxonomic and anatomical variability at intraand inter-specific level and to set the basis for morphometric analyses. The preliminary results demonstrate sufficient variability to advocate the identification of groups and/or single taxon of millets on the basis of the morphological characteristics of phytoliths and starch grains.
